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The seasonality of the price of alfalfa hay in Kentucky 
was studied as well as the potential cost or profitability 
of storage of this hay. Economic comparison of alfalfa hay 
production to other farm enterprises was carried out. In 
addition, an estimate of the value of two qualities of 
alfalfa hay was calculated based on 1991 prices. 
The analysis of 41 years of marketing data demonstrated 
significant differences (P<.01) in price with seasonal lows 
in June/July and a steady increase in price to a high in 
March. 
In general (based on $100 per ton hay and 12% interest) 
the alfalfa hay producer could lose from $5 to $10 storing 
hay and selling at a later date. There were some specific 
conditions where he might have realized a return to storage 
of $0.16 to $1.48 per ton. 
A further evaluation of average (KY Feeder) and good 
(KY Pride) quality hays indicated that current prices of 
$70-$75 and $100 per ton respectively were the prices where 
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a dairyman would be able to include this hay in the cow's 
total diet. 
Even with problems of quality and quantity of alfalfa 
hay, the economic returns to the production of alfalfa hay 
were favorable when compared to other crops in Kentucky with 
the additional benefit of alfalfa being a crop that can 
result in reduced soil erosion from sloping land. 
Returns above variable costs can be from $120 to $400 
per acre depending upon yield and sale price. However, an 
understanding of seasonality of price as well as storage 
costs need to be considered by alfalfa hay producers to 
assure realizing the above returns. 
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INTRODUCTION 
Alfalfa, Medicaqo sativa L., originated near Iran, but 
related species are found wild scattered over central Asia 
and into Siberia. It was first introduced into the eastern 
United States by colonists in 1736 (Barnes and Sheaffer, 
1985). Nine different sources account for most of the basic 
alfalfa germplasm presently used in United States cultivars 
(Barnes, et al., 1977). 
Alfalfa, often called the "Queen of Forages," is one of 
the most important forages in the United States. It has the 
highest feeding value of all commonly grown hay species 
(Barnes and Gordon, 1972). Its feed value was described as 
early as 490 B.C. by the Roman writers Pliny and Strabo. It 
produces more protein per acre than oil seed or grain crops, 
it has a high mineral content, and it contains at least ten 
different vitamins (Barnes and Sheaffer, 1985). 
Alfalfa, known as lucerne in many European countries, 
is distributed worldwide, and is one of the few crops grown 
in every state in the United States (Barnes and Sheaffer, 
1985). It is a highly effective nitrogen fixer when grown in 
a symbiotic relationship with the bacteria Rhizobium 
meliloti Dangead (Barnes and Sheaffer, 1985). It can 
increase the productivity of subsequent crops when grown in 
a rotation (Baldock, et al., 1981). This effect is caused 
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by improved water-holding capacity, increased soil organic 
matter, and reduction of some soil pathogens in addition to 
supplying nitrogen residues. Alfalfa also helps minimize 
water pollution by reducing runoff and soil erosion, and its 
deep root system enables alfalfa to utilize soil nitrogen at 
depths that annual crops cannot reach (Barnes and Sheaffer, 
1985). 
Kentucky ranked twenty-third in alfalfa hay production 
in 1989 with 1.406 million tons produced (Table 1). 
Production increased 36% in 1990 compared to 1989 with 1.41 
million tons of alfalfa hay produced (Lenz, 1989-90). Total 
production of alfalfa in Kentucky has increased each year 
for the past ten years with two exceptions attributable to 
environmental conditions (Table 1). The average yield per 
acre has not shown a similar appreciable increase over this 
time period. 
Table 1. KENTUCKY ALFALFA PRODUCTION - 1980-1989 
Year 
Acres 
Harvested 
Total 
Production 
(tons) 
Average 
Yield 
(tons/acre) 
1980 200,000 590,000 2.95 
1981 200,000 720,000 3.60 
1982 225,000 810,000 3.60 
1983 225,000 540,000 2.40 
1984 230,000 736,000 3.20 
1985 250,000 900,000 3.60 
1986 255,000 816,000 3.20 
1987 260,000 858,000 3.30 
1988 370,000 1,036,000 2.80 
1989 380,000 1,406,000 3.70 
Source: Lenz, Tom, (ed). Kentucky Agricultural Statistics, 
1980-81 Louisville, Ky. Kentucky Department of Agriculture. 
Kentucky Agricultural Statistics, 1989-90 Louisville, Ky. 
Kentucky Department of Agriculture. 
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Problem 
Alfalfa is receiving much attention as an alternative 
crop enterprise by Kentucky farmers. It appears to be well 
suited for this role. In addition, the 1985 Farm Bill 
mandated soil conservation requirements that can often be 
easily met with a rotation including alfalfa hay production. 
Alfalfa can be grown on sloping land resulting in lower 
amounts of soil erosion than experienced with traditional 
row crops. Furthermore, the 1990 Farm Bill allows for some 
alfalfa production with no loss of base acres or payments on 
the program crops (United States Dept of Agriculture, 
1991) . 
Alfalfa is also adaptable to any size of farm 
operation. It is well suited for the small operations found 
in many parts of the state and to part-time farm operations 
where the owner must divide his time between his farm and an 
off-farm job. Custom operators are available in most areas, 
enabling the farm operator to produce alfalfa hay with 
little or no labor input on his part. 
Alfalfa has the potential to be a good cash crop for 
Kentucky farmers. Returns to producers are generally very 
favorable when compared to the usual cash crops grown in 
Kentucky. Furthermore, the better growers will produce 
higher than average yields, and possibly receive a higher 
price for their hay due to higher quality and/or better 
marketing of the hay. Higher yield and/or price can 
increase the profitability of the enterprise considerably 
(Table 2). 
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Table 2. ALFALFA $ RETURNS PER ACRE ABOVE VARIABLE COST AT 
VARIOUS PRICES AND YIELDS. 
Yield Per Acre (tons) 
$/ton 2.5 3 3.5 4 4.5 5 5.5 
Returns per Acre ($) 
85.00 43 86 128 171 213 256 298 
95.00 68 116 163 211 258 306 353 
105.00 93 146 198 251 303 356 408 
115.00 118 176 233 291 348 406 463 
* Assumes Variable costs are fixed and varying returns are 
due to weather, markets, and production risks. 
Source: Shurley, D., R.L. Trimble, and F.J. Benson. Field 
Crop Enterprise Cost and Return Estimates for Kentucky for 
1990. Agriculture Economics Extension Publ. No. 55, 
Univerisity of Kentucky, Lexington, Kentucky, (Revised) 
Aug. 1990. 
Very little information is available in Kentucky 
linking price to quality and the relationship of alfalfa to 
the feeding value of other forages. 
Obj ectives 
This study was undertaken to examine the relative 
profitability of alfalfa production and to evaluate the most 
desirable time to sell the hay. Specific objectives were 
1. to compare the returns of alfalfa hay to other cash 
crop enterprises for a representative farm in 
southcentral Kentucky, 
2. to evaluate the financial ramifications of 
substituting alfalfa acreage for program crops, 
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3. to determine the seasonal changes in hay prices in 
Kentucky, 
4. to discuss the economic consequences of storing 
hay, and 
5. to estimate the relative value of two qualities of 
alfalfa hay for lactating dairy cows. 
Research Procedure 
Enterprise budgets were generated for the main cash 
crops produced in southcentral Kentucky (corn, tobacco, 
soybeans, wheat/soybean double crop, and alfalfa). A 
representative farm producing average yields and receiving 
average prices was considered. Returns were compared as 
well as the soil conservation consequences. 
The second objective was evaluated by taking a 
representative farm situation and substituting alfalfa hay 
production for program crop production as allowed under the 
1990 Farm Bill. The financial consequences of this crop 
substitution were evaluated. 
The seasonality of prices in Kentucky was determined by 
averaging the monthly prices received by farmers for the 
past forty-one years. These data were analyzed to see if 
the monthly data were statistically different. 
The monthly price indices were used to determine the 
economic feasibility of storing alfalfa hay, and finally, 
computer generated least cost feed rations were studied to 
determine the nutritional value of two qualities of alfalfa 
hay. 
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Pricing Alfalfa Hay 
Two factors, quantity and quality, are used to 
determine the price of agricultural products. Alfalfa hay 
is normally sold by the ton or by the bale. Tonnage is the 
preferred way to describe the quantity because bales vary 
considerably in size and weight depending on the equipment 
used and the operator. 
Quality is the factor that is the biggest variable when 
determining the price of a particular lot of hay. While an 
inexpensive and easily performed technique has been used for 
many years in determining grain grades, hay grading is much 
more difficult and costly. Furthermore, uniform procedures 
for testing hay have not been widely accepted. It is often 
difficult to accurately determine the quality of hay in the 
field. 
Quality standards for hay have been set both nationally 
and in Kentucky. The American Forage and Grassland Council 
(AFGC) divides hay into six different categories based on 
the analysis of crude protein (CP), acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) on a dry matter 
basis, digestible dry matter percentage (DDM), dry matter 
intake (DMI) as a percentage of bodyweight, and the relative 
feeding value (RFV) (Table 3). 
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Table 3. HAY QUALITY STANDARDS OF AFGC (HAY MARKET TASK 
FORCE). 
Analysis 
Quality 
Standard 
CP ADF 
of DM-
NDF DDM DM I 
of BW RFV 
Prime >19 <31 <40 >65 >3 .0 >151 
1 17-19 31-35 40-46 62-65 3.0 -2. 6 151-125 
2 14-46 36-40 47-53 58-61 2.5 -2. 3 124-103 
3 11-13 41-42 54-60 56-57 2.2 -2. 0 102-87 
4 8-10 43-45 61-65 53-55 1.9 -1. 8 86-75 
5 <8 >45 >65 <53 <1 .8 <75 
- Source: Lacefield, G., D. Ball, H. White, and T. Johnson. 
Alfalfa Hay Quality. Certified Alfalfa Seed Council, Inc. 
Davis, CA. 
Prime is the top quality hay designated by the AFGC. 
Crude protein, digestible dry matter, dry matter intake, and 
relative feeding value are directly proportional to the 
quality of the hay. Acid detergent fiber and neutral 
detergent fiber percentages are inversely proportional to 
hay quality. The following paragraphs further explain these 
components that are used to determine the quality of a 
feedstuff (Lacefield, et al). 
Crude protein is a mixture of true protein and 
nonprotein nitrogen. It indicates the capacity of the feed 
to meet an animal's protein needs. 
Acid detergent fiber (ADF) is the percentage of highly 
indigestible plant material in a feed or forage. It is 
insoluble in an acid detergent solution. The lower the ADF 
value the more of the feed an animal can digest. 
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Neutral detergent fiber (NDF) is the percentage of cell 
wall material or plant structure that is contained in the 
feed. NDF is insoluble in neutral detergent solution and is 
only partially available to animals. The lower the NDF 
percentage the more of the feed an animal will eat. NDF 
also includes the acid detergent fiber. 
Generally, CP, ADF, and NDF are reported on a dry 
matter basis. Value means that the percentage is calculated 
based on the weight of the feedstuff after all water has 
been removed from the feed. 
Digestible dry matter (DDM) is an estimate of the 
percentage of the feedstuff that is digestible by the 
animal. It is based on feeding trials and is estimated from 
the ADF concentration in the feedstuff. 
Dry matter intake (DMI) is an estimate of the relative 
amount of the forage an animal will eat in a day's time. It 
is based on animal feeding trials and the NDF concentration 
in the feedstuff. DMI is given as a percentage of the 
animal's bodyweight. A DMI of 3% for a 1200 pound cow would 
mean that she would be expected to consume (.03 x 1200) or 
36 pounds of dry feed each day. 
Relative feed value (RFV) is a measure of the forage's 
expected intake and energy value. It compares forages 
according to the relationship ((DDM X DMI)/100) divided by a 
constant. RFV is expressed as a percentage compared to full 
bloom alfalfa which has a value of 100% RFV. Once alfalfa 
reaches the full bloom stage, its quality has fallen below 
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that demanded by most dairy producers (Table 4) (0'Daniel, 
1991) . 
Table 4. CHANGES IN TDN, CP, AND FIBER BASED ON MATURITY OF 
ALFALFA (DRY MATTER BASIS). 
Maturity TDN % CP % ADF % 
Pre-bud 65 21. .7 28 
Bud 62 19. .9 31 
1/10 bloom 58 17. .2 34 
1/2 bloom 56 16. .0 38 
Full bloom 54 15. .0 40 
Mature 52 13. .6 42 
Source: National Academy of Science, "Nutrient 
Requirements of Dairy Cattle" 1978, Publication 1349. 
The Kentucky Pride Hay Growers Association (KPHGA) 
divides hay into three categories: two based on crude 
protein on a dry matter basis and the relative feeding 
value, and the third based on visual assessment (Table 5). 
Table 5. HAY QUALITY STANDARDS OF KPHGA. 
CP% 
Hay Designation DM Basis RFV 
Triple Crown color, smell, purity 
Kentucky Pride >14 >124 
Kentucky Feeder >8 75-124 
Source: Kentucky Department of Agriculture. Agriculture -
Kentucky's Pride Kentucky Hay Testing Program. Frankfort, 
Ky. 1989. 
The quality of the hay determines its value as an 
animal feedstuff. The Wisconsin Forage Council's Green Gold 
Project found that dairy cattle fed Prime to Number 1 hay 
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produced 10,688 pounds of milk. Cattle fed Number 2 hay-
produced only 4,259 pounds of milk (Table 6). 
Table 6. DAIRY CATTLE PERFORMANCE BASED ON HAY QUALITY, 
1984-86. 
Grade CP% ADF% NDF% 
Milk 
lbs/A 
Prime to 1 22 31 43 10,688 
No. 1 21 32 44 9,120 
No. 1 to 2 19 35 46 7,022 
No. 2 17 36 48 4,259 
Source: D.A. Rohweder, et al., University of Wisconsin 
In a study at the University of Tennessee, hay quality 
was divided into good, fair, and poor categories based on 
crude protein and crude fiber. The pounds of hay consumed 
per day by 550 pound beef steers declined as quality 
dropped, but more importantly, average daily gain dropped 
from 1.85 pounds per day with the good hay to -0.06 pounds 
per day when the steers consumed the poor quality hay (Table 
7). 
Table 7. BEEF CATTLE (500 LB. STEERS) PERFORMANCE BASED ON 
HAY QUALITY. 
Hay Quality 
Basis of Quality Good Fair Poor 
Crude Protein 18.7 15.9 13.7 
Crude Fiber 29.4 35.4 46.7 
Animal Performance 
lbs 
Hay consumed, lbs/day 17.1 16.5 13.8 
A.D.G., lbs. 1.85 1.49 -0.06 
Source: University of Tennessee. "Effect of Alfalfa Hay 
Quality on Performance of Beef Steers." 
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While the quality of the alfalfa hay is critical in 
animal performance, the lack of a convenient method of 
testing hay results in most of the hay in Kentucky being 
sold on appearance only. The Kentucky Pride Hay Grower's 
Association is attempting to change this approach by testing 
all hay that is marketed through the association. The hay 
is tested with a Near Infrared Spectrophotometer which is 
quick and easy to use but is not yet readily available to 
farmers for testing hay in the field. Farmers can have hay 
tested, for a fee, by calling the Hay and Grain Division of 
the Kentucky Department of Agriculture two to three days in 
advance for an appointment to have personnel come to test 
their hay. 
This study could make only a limited consideration of 
quality because price data based on quality was not 
available. A future study to determine the effect of 
quality on price in Kentucky should be conducted. 
THEORETICAL FRAMEWORK 
Relative Returns 
Enterprise budgeting was used to determine the relative 
profitability of the different crops and forage. The form 
used to develop these budgets was adapted from Field Crop 
Enterprise Cost and Return Estimates for Kentucky for 1990 
(Shurley, et al., 1990). 
Budgets were prepared on a per acre basis as shown in 
Table 8. 
Table 8. SAMPLE CROP ENTERPRISE BUDGET. 
Amount Unit Price Total 
EXPECTED RETURNS PER ACRE 
1. Crop 
OPERATING COSTS PER ACRE 
2. Seed 
3. Fertilizer 
4. Lime 
5. Herbicides 
6. Insecticides 
7. Fungicides 
8. Fuel and Oil 
9. Repairs 
10. Custom Hire 
11. Equipment Rent 
12. etc 
TOTAL OPERATING COST PER ACRE 
RETURNS ABOVE OPERATING COST PER ACRE 
FIXED COSTS PER ACRE 
13. Depreciation 
14. Taxes and Insurance 
12 
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Table 8. Continued. 
Amount Unit Price Total 
TOTAL FIXED COSTS 
RETURN TO OPERATOR LABOR, LAND, CAPITAL, AND MGT 
Less Cost of Land & Capital 
RETURN TO LABOR AND MANAGEMENT 
After the budgets were completed, a net management 
return was calculated. Net management return is an 
effective measure for comparing incomes between farms 
(Justus, 1990). The returns per hour can be calculated by 
dividing the return to labor and management by the number of 
hours of operator labor applied per acre. 
Farm Program 
The 1990 Farm Bill permits the inclusion of any grass 
or legume crop on a portion of the farm's base acres without 
a loss of base acres in the future. An additional 10% of 
the base can also be grown in an alternative crop without 
loss of base acres; however, deficiency payments are lost on 
this portion of the base if planted to an alternative crop. 
Partial budgets were utilized to determine the effect 
of additional acres of alfalfa hay on farm profitability. A 
partial budget follows the form shown in Table 9. 
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Table 9- SAMPLE PARTIAL BUDGET. 
Added Costs: Added Returns: 
Reduced Returns: Reduced Costs: 
Total Total 
Net Returns 
Seasonal Prices 
The conversion of the raw monthly price data to 
relative monthly price indices is based on the method used 
in calculating seasonal price changes for grain (Skees, et 
al., 1978). Each monthly index value is calculated by the 
formula: 
Iym = Pym / Py x 100, where y = year and m = month. 
Pym = price for year y and month m where, 
y = 1 (1948-49) to 41 (1988-89) and, 
m = 1 (May) to 12 (April). 
Py = marketing year average price = Pm / 12. 
<m*i 
The procedures used to determine statistically 
significant differences between monthly indices are 
described fully by Steel and Torrie and are widely accepted 
as the methods to use (Steel and Torrie, 1980). The 
formulas used in calculating the analysis of variance are 
given below. 
(1) Correction Factor (C) = Y . . / (rt), where 
r = the number of replications of each treatment, 
t = the number of treatments, 
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Y = an individual data value, and 
"." means that all observations for the given 
range have been summed. 
(2) Total Sum of Squares (SS) =£y.j- C. 
(3) Treatment SS = (Y,2. + • • • + Y-f ) / r - C . 
(4) Error SS = Total SS - Error SS. 
The degrees of freedom values (df) are based on the 
number of data values included in each calculation. Degrees 
of freedom are allocated by the following formulas. 
(1) Total df = rt - 1 
(2) Treatment df = t - 1 
(3) Error df = t(r - 1) 
The mean squares are calculated by dividing each 
particular sum of squares by the corresponding degrees of 
freedom. The treatment F value is arrived at by dividing 
the treatment mean square by the error mean square. The F 
value is then compared to table values to determine whether 
significant differences occur among the treatments. 
If significant differences are found to occur, a mean 
separation technique is then used to determine which 
treatment means are statistically different. Duncan's New 
Multiple-Range Test as outlined by Steel and Torrie was used 
in this study to compare all twelve treatments (months). 
The formulas used in this procedure are as follow. 
(1) Sy =v/si'/ r where sz is the error mean square. 
* / 
(2) Rp = q*Sy, where q< is a table value based on the 
number of means being compared (p) and the error 
df. 
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Storage Feasibility 
The calculations of storage costs are based on the 
model developed by Bond to analyze crop storage vs. selling 
at harvest (Bond, 1989). The formula used in this study 
calculates the break-even selling price by the following 
formula: 
Ps = Pc + I + S + Ins + L, where 
Ps = break-even selling price 
Pc = current market price 
I = interest or opportunity cost 
S = storage cost 
Ins = insurance cost 
L = shrinkage, spoilage, and quality loss 
The interest or opportunity cost is determined by the 
formula 
I = Pc ( i / n ), where 
i = annual interest rate and 
n = number of months stored. 
The adaptation of these formulas to this study are 
discussed later. 
DATA COLLECTION 
Enterprise budgets were generated for alfalfa hay, 
burley tobacco, corn, soybeans, and double crop 
wheat/soybeans. These were adapted from Field Crop 
Enterprise Cost and Return Estimates for Kentucky for 1990 
(Shurley et al., 1990). Average yields and prices for 
Kentucky for 1989 were used as reported by the Kentucky 
Agricultural Statistics Service (Lenz, 1990). 
Government farm program requirements were obtained, and 
a representative farm was used to determine the feasibility 
of replacing the allowed crop acreage with alfalfa hay 
production. 
Monthly prices, received by Kentucky farmers, for the 
marketing years 1948—1949 through 1988-1989 were obtained 
from the Kentucky Agricultural Statistics Service. Problems 
such as quality, area shortages, delivery, etc., were not 
addressed. Most of the prices were given to the nearest 10 
cents, but since January 1981, they were given only to the 
nearest dollar. The marketing year for alfalfa hay begins 
in May and continues through April of the following year. 
Average prices received and paid by farmers were used 
to create computer-generated least-cost rations using the 
DART computer program. These prices were obtained from the 
1989--1990 Kentucky Agricultural Statistics publication 
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(Lenz, 1990). Two examples of these ration formulations are 
contained in Appendix B. 
The prices were assigned to the different feed 
components as follows. Alfalfa hay was divided into two 
qualities, full bloom and early bloom, which correspond to 
the Kentucky Pride Hay Gowers Association designations 
Kentucky Feeder and Kentucky Pride. Current prices received 
by the association were obtained via an interview with Joe 
0'Daniel, the area director for KPHGA (O'Daniel, 1991). 
Kentucky Feeder hay had been selling in the $64 to $84 range 
with Kentucky Pride hay quoted at approximately $100 / ton. 
Prices of $70 and $75/ton were used for economic analysis of 
the lower quality hay. 
Corn silage was priced at $14 per ton based on the 
costs of producing the crop divided by the 1989 state 
average yield of 16 tons per acre, and at $20 per ton based 
on the value that would have been received for an acre of 
corn if it were not harvested for silage. Harvest costs 
were not included in the production costs. 
Corn was priced at $2.64 per bushel based on the 
average price received in 1989 by Kentucky farmers. Soybean 
meal was fixed at $312.60 per ton based on the average price 
paid by farmers for this product in 1989 (Lenz, 1990). 
DATA ANALYSIS 
Relative Returns 
To compare the returns of alfalfa hay to other cash 
enterprises, enterprise budgets (Appendix A) for alfalfa, 
tobacco, corn, soybeans, and wheat/soybean double crop were 
compared. Yields were the state averages for the 1989 crop 
year as reported in the 1989 -- 1990 Kentucky Agricultural 
Statistics publication. Prices received by farmers were 
obtained by taking a straight average of the monthly prices 
received by farmers in Kentucky. These monthly prices were 
also obtained from the 1989 -- 1990 Kentucky Agricultural 
Statistics publication. All other values used in the 
enterprise budgets came directly from Agriculural Economics 
Extension Publication No. 55 (Shurley, 1990). The returns 
for corn and the wheat portion of wheat/soybean doublecrop 
included government payments. The yields for the double 
crop system are estimated since no average yields for this 
system were given in the Kentucky Agricultural Statistics 
publication. 
Farm Program 
Partial budgets were used to evaluate the substitution 
of alfalfa hay production for the program base acres as 
allowed by the 1990 Farm Bill. Returns and costs were 
obtained from the enterprise budgets found in Appendix A 
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(Shurley, et al., 1990). Total costs per acre were 
calculated by adding total variable costs per acre and total 
fixed costs per acre. 
Seasonal Prices 
To determine if seasonality did indeed occur in 
Kentucky's alfalfa hay market, the monthly price data for 
the past 41 marketing years (1948-49 — 1988-89) were 
compared. The marketing year average was computed by taking 
the straight average of the prices reported for the twelve 
months of that particular marketing year. No attempt was 
made to calculate a weighted marketing year average because 
the percentage of sales made each month was not available, 
and it was felt that a weighted average was not necessary to 
meet the objectives of this study. 
The monthly price data were used to construct a 
seasonal price index. The purpose of the index is to remove 
the influence of price inflation over the time period 
studied. The index was calculated by dividing each monthly 
price by the corresponding marketing year average. An index 
value of 105 for a particular month simply means that the 
price reported for that month is 5 percent higher than the 
average price for the corresponding marketing year. This 
index was then analyzed statistically to determine whether 
or not seasonality exists in Kentucky's alfalfa hay market. 
A five year average of the monthly indices was 
calculated to examine price changes over time. To do this, 
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the indexes for each month were averaged over each 
consecutive five years. For example the indexes for January 
1949 through January 1953 were averaged to determine the 
first five year average for the month of January. The 
second five year average for January was determined by 
averaging the indexes for January 1950 through 1954. This 
running average was calculated for all months through the 
entire time period of the study. A ten-year running average 
was also calculated in the same manner. 
The five-year running average was utilized for the 
analysis of variance on the data. The averages for eight 
five-year periods were selected to provide replications for 
the analysis. These eight values were spread equally 
through the time period, with the eighth being the running 
average for the last five years of data studied. Five year 
intervals separated the eight sets of averages to allow each 
set to represent different five year periods with no year in 
common to any two sets. 
Storage Feasibility 
Once significant seasonality was found to exist, the 
question of the profitability of storage was addressed. 
Storage costs of crops include facility costs, insurance 
costs, shrinkage, spoilage, and general quality 
deterioration costs, and interest or opportunity costs. 
Insurance is often included in the monthly charge for 
commercial storage, but may or may not be purchased by 
farmers who are storing their crop on the farm (Bond, 1989). 
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Insurance costs were not included in the following 
discussion. 
Facility costs must normally be considered when storing 
crops. In this case, most on-farm storage consists of 
existing facilities that have the same fixed costs whether 
or not alfalfa hay is stored in them. The use of a capital 
recovery charge may lead the producer to overestimate his 
storage costs and sell a crop when higher profits could be 
realized by storage (Bond, 1989). Commercial storage would 
have a storage charge and would have to be considered if the 
farmer does not utilize on-farm storage. Facility costs 
will be considered fixed and not be included in the 
following discussion. 
One must expect a certain amount of the crop to be lost 
during storage due to shrinkage, spoilage, and overall 
quality loss. The amount of shrinkage is dependent upon 
many factors including time of harvest, moisture content, 
and type of storage facility used. Hay baled when there is 
a heavy dew will have a higher shrinkage rate than hay baled 
when there is little or no dew. First and third cuttings of 
hay often shrink more than second cuttings in cooler 
climates. The size and tightness of the bale can also 
affect the amount of shrinkage. Shrinkage rates for hay are 
typically in the three to twelve percent range (Bond, 1989). 
Spoilage and overall quality deterioration also increase the 
storage costs of a crop. These vary considerably depending 
on weather conditions and storage facilities. Shrinkage, 
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spoilage, and quality losses can be combined into a single 
percentage figure of the value of the hay (Bond, 1989). A 
value of 5.0 percent was used in the following discussion, 
and full shrinkage was assumed to occur in the first 40 days 
(Bond, 1989). 
Opportunity cost is often overlooked by producers. It 
can take two different forms. The cash flow needs of the 
farmer may dictate borrowing additional operating funds 
while the crop is in storage. If this is the case, the 
interest rate paid on the borrowed funds is an actual cost 
of storing the crop. On the other hand, if no money is 
borrowed and no interest is paid while the crop is in 
storage, the appearance is given that the crop had no 
interest charge. This is not true. If the crop had been 
sold at harvest, the revenue received could have been 
invested and would have earned interest during the time the 
crop was in storage. This interest rate that could have 
been earned is an opportunity cost of storage. In the 
following discussion, an opportunity charge of 12 percent 
will be used. 
The calculations were performed as follows. Percent 
change in value was determined by subtracting the monthly 
index for the month of harvest from the index for the month 
the hay will be sold. This percent change value was then 
multiplied by the price received at harvest. In these 
examples, since the price is $100.00, the dollar value is 
the same as the percent change. The opportunity cost was 
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calculated by dividing the annual interest rate by 12 to 
determine the monthly rate. This rate was then multiplied 
by the number of months to obtain the percentage that was 
charged as a cost of storage. This percentage was then 
multiplied by the price of hay at harvest to obtain the 
dollar value for the opportunity cost. 
The shrinkage cost was set at 5% of the harvest price 
of hay in these examples. This percentage was multiplied by 
the harvest price to obtain the dollar charge for shrinkage. 
Opportunity costs and shrinkage costs were then 
subtracted from the dollar change in value to obtain the 
returns to storage. 
Relative Quality Values 
The economic analysis to estimate the relative values 
of two qualities of alfalfa hay was performed using the 
"DART" least cost ration formulating computer program. (Webb 
and Butcher), 
The rations were calculated for 1200 pound Holstein 
cows producing both 60 and 75 pounds of 3.8% butterfat milk 
per day. 
The least cost program (DART) included an economic 
analysis that indicated at what prices the levels of usage 
of particular feedstuffs, alfalfa in this case, will 
increase or decrease. It also indicates at what price the 
feedstuff would be included in a least cost feed ration if 
the feedstuff is not included in a particular calculated 
ration. 
RESULTS 
Economic Returns 
The economic returns of alfalfa hay production compare 
favorably with other crops typically grown in Southcentral 
Kentucky. Table 10 shows the return to labor and management 
per hour of operator labor per acre for the crops studied. 
Table 10. RETURNS PER HOUR PER ACRE FOR SELECTED AGRONOMIC 
CROPS. 
YIELD OPERATOR NET RETURNS 
CROP PER ACRE PRICE LABOR (hrs) PER HOUR 
Alfalfa 3.7 tons 106.58 6 10.39 
Tobacco 2060 lbs 1.675 100 13.22 
Corn 116 bu 2.64 4 5.55 
Soybeans 31.5 bu 6.86 4 (5.52) 
Wheat/SB — 5.25 15.04 
Wheat 45 bu 3.94 - -
Soybeans 25 bu 6.86 — 
Adapted from Ky Agricultural Statistics and Enterprise Costs 
and Returns Estimates. 
While returns to alfalfa were lower than those to 
tobacco and double crop wheat/soybeans, it must be 
remembered that alfalfa can be grown on land that is not 
suitable for production of these two crops due to erosion 
hazard. 
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Farm Program 
The model farm used for this analysis had a 100 acre 
corn base with ASCS corn yields of 90 bushels per acre. 
Deficiency payments were set at $0.58 per bushel of ASCS 
yield. Table 11 contains the net returns when the 15 flex 
acres were used for alfalfa production. Table 12 uses both 
the 15 flex acres and the additional 10 acres allowed by the 
1990 Farm Bill for alfalfa production. 
Table 11. PARTIAL BUDGET FOR ALFALFA PRODUCTION ON 15 FLEX 
ACRES. 
Added Costs: 
Alfalfa Production 
15 A x $224.01/A = $3360.15 
Reduced Returns: 
Corn Sales 
15 A x $316.14/A = $4742.10 
Total = $8102.25 
Added Returns: 
Alfalfa Sales 
15 A x $394.35/A = $5915.25 
Reduced Costs: 
Corn Production 
15 A x $185.93/A = $2788.95 
Total = $8704.20 
Net Returns: $601.95 
Table 12. PARTIAL BUDGET FOR ALFALFA PRODUCTION ON 15 FLEX 
ACRES + 10 ADDITIONAL ACRES. 
Added Costs: Added Returns: 
Alfalfa Production Alfalfa Sales 
25 A x $224.01/A = $5600.25 25 A x $394.35/A = $9858.75 
Reduced Returns: Reduced Costs: 
Corn Sales Corn Production 
25 A x $316.14/A = $7903.50 25 A x $185.93/A = $4648.25 
Deficiency Payment 
10 A x $.58 x 90bu = $ 522.00 
Total = $14,025.75 Total = $14,507.00 
Net Returns: $481.25 
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In the examples shown by Tables 11 and 12 it is 
profitable to utilize alfalfa hay as an alternative crop as 
allowed by the 1990 Farm Bill. Net returns are higher 
($601.95 vs $481.25) when only the 15 flex acres are 
diverted to alfalfa production than when 25 acres are used 
for alfalfa production and the deficiency payments are not 
received on the additional 10 acres. 
Seasonal Prices 
Significant differences were found to exist between the 
monthly price indexes as shown by the following analysis of 
variance table (Table 13). 
Table 13. ANALYSIS OF VARIANCE. 
Source DF SS MS F 
Total 95 3122.79 
Months 11 2179.52 198.14 17.64 ** 
Error 84 943.27 11.23 
** Significant at the 0.01 level 
Duncan's Multiple Range mean separation was performed 
on the monthly indices to determine which were significantly 
different at the .05 level of probability. The results are 
shown in Table 14. 
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Table 14. SIGNIFICANT DIFFERENCES OF ALFALFA HAY PRICES 
BETWEEN MONTHS. 
Month Index 
January 104.63 a, b 
February 106.92 a 
March 107.19 a 
April 104.94 a, b 
May 98.04 c, d, e 
June 93.96 f 
July 93.71 f 
August 94.74 e,f 
September 96.31 d,e, f 
October 98.40 c, d 
November 99.43 c, d 
December 101.72 b, c 
Values with the same letters are not significantly different 
at the 0.05 level of significance. 
Alfalfa hay prices have followed the expected seasonal 
price curve over this time period. Prices have historically 
been at the seasonal low during June and July and then shown 
a steady rise to the seasonal high in March. (Appendix C --
Figure I) 
The running average of the percentage of seasonal 
average prices was also calculated for 5 and 10 year 
intervals. The most recent 5 year average did not fit the 
seasonal price curve (Appendix C — Figures II & III). 
This difference may have been due to the unusual rainfall 
patterns experienced in Kentucky in the past few years. For 
example, the summer of 1988 was extremely dry, resulting in 
reduced alfalfa supply, especially early in the season. 
Alfalfa prices were the highest during July, which is 
traditionally the month with the lowest price, and were at 
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their low during January, February, and March, the months 
one would expect prices to be at or near their peak. 
However, deviation is what should be expected during a year 
of short supply. It also affected the most recent 10 year 
price curve, but not to as great an extent. It followed the 
expected curve, but did not change as much as the other 10 
year average price curves (Appendix C -- Figure IV). 
Storage Feasibility 
The first analysis of the profitability of storage will 
consider the relative monthly prices for the most recent 10 
year period in the study. The harvest month will be May, 
with storage periods of three, six, and nine months for sale 
of hay in August, November, and February. The price 
received at harvest will be $100.00 per ton and the 
opportunity cost will be 12 %. These conditions were 
selected for simplicity of calculations and could be altered 
to fit each individual situation. 
Table 15 contains the relative change in value, the 
storage costs, and the returns for storage for each storage 
period. 
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Table 15. NET RETURNS TO STORAGE OF ALFALFA HAY AVERAGED 
FOR MARKETING YEARS 1979-80 -- 1988-89. 
Storage Period 3 mos. 6 mos. 9 mos. 
Month of Sale Aug Nov Feb 
% Change in Value + 2 . 62 + 6.22 + 8.79 
Change in Value ($) + 2.62 + 6.22 + 8.79 
Shrinkage Loss ($) 5.00 5.00 5.00 
Opportunity Cost ($) 3.00 6.00 9.00 
Returns to Storage ($) -5.38 -4.78 -5.21 
This example clearly shows that money was lost when hay 
was stored under these conditions for 3, 6, and 9 month time 
periods. Table 16 contains at the same situation 
considering the relative price changes over the entire 
period of the study. 
Table 16. NET RETURNS TO STORAGE OF ALFALFA HAY AVERAGED 
FOR MARKETING YEARS 1948-49 -- 1988-89. 
Storage Period 3 mos. 6 mos. 9 mos. 
Month of Sale Auq Nov Feb 
% Change in Value -2.94 + 1.69 + 9.33 
Change in Value ($) -2.94 + 1.69 + 9.33 
Shrinkage Loss ($) 5.00 5.00 5.00 
Opportunity Cost ($) 3.00 6.00 9.00 
Returns to Storage($) -10.94 -9.31 -7.67 
This example shows that storage under the given 
conditions has been a very unprofitable situation over the 
long run in Kentucky with losses of $7.67 to $10.94 for 
storage periods of 3 to 9 months. 
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The preceding two examples make hay storage appear to 
be a losing proposition for Kentucky farmers. The following 
example examines the situation where storage would have the 
best chance of being profitable (Table 17). The relative 
monthly prices for the entire time-period studied will be 
used. Harvest will be in July which is traditionally the 
lowest month for alfalfa prices in Kentucky. Hay will be 
stored until March which has traditionally had the highest 
price. The option of selling in January and February will 
also be examined. Price per ton at harvest and the interest 
rate will remain the same as in the other examples, $100 per 
ton and 12%, respectively. 
Table 17. NET RETURNS TO OPTIMAL STORAGE SITUATION FOR 
ALFALFA HAY PRICES AVERAGED FOR MARKETING YEARS 
1948-49 -- 1988-89. 
Storage Period 6 mos. 7 mos. 8 mos. 
Month of Sale Jan Feb Mar 
% Change in Value +11.16 +13.48 +13.87 
Change in Value ($) +11.16 +13.48 +13.87 
Shrinkage Loss ($) 5.00 5.00 5.00 
Opportunity Cost ($) 6.00 7.00 8.00 
Returns to Storage ($) + 0.16 + 1.48 -0.13 
This example shows that under the given conditions, 
storage of alfalfa hay may be marginally profitable. This 
same procedure can be followed using storage costs for a 
specific situation to help make the decision on whether or 
not to store hay. 
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Relative Quality Values 
The results of the least cost ration calculations are 
summarized in tables 18, 19, and 20. 
Table 18. LEAST COST RATION EVALUATION FOR FULL BLOOM 
ALFALFA AT $7Q/TON FED TO LACTATING DAIRY CATTLE. 
Cow Information 
Bodyweight (lbs) 1200 1200 1200 1200 
Daily Milk Production (lbs) 60 60 75 75 
% Butterfat 3.8 3.8 3.8 3.8 
Forage Prices ($/ton) 
Alfalfa 70 70 70 70 
Corn Silage 14 20 14 20 
Solution 
Concentrate lbs/day 18.4 22.4 27.3 27.3 
% CP 21.0 16.0 17.8 18.8 
Corn Silage lbs/day 37.9 
Alfalfa lbs/day 12.3 22.8 23.0 23.0 
Economic Analysis (alfalfa) 
Nutritional Value 
Price where use will increase 63.45 
Price where use will decrease 70.11 85.16 71.60 73.55 
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Table 19. LEAST COST RATION EVALUATION FOR FULL BLOOM 
ALFALFA AT $75/TON FED TO LACTATING DAIRY CATTLE. 
Cow Information 
Bodyweight (lbs) 1200 1200 1200 1200 
Daily Milk Production (lbs) 60 60 75 75 
% Butterfat 3.8 3.8 3.8 3.8 
Forage Prices ($/ton) 
Alfalfa 
Corn Silage 
75 
14 
75 
20 
75 
14 
75 
20 
Solution 
Concentrate lbs/day 
% CP 
Corn Silage lbs/day 
Alfalfa lbs/day 
13.2 
32 
82 
22.4 
15.8 
2 2 . 8 
23.3 
25.7 
68.5 
32.2 
17.0 
18.3 
Economic Analysis (alfalfa) 
Nutritional Value 70.11 
Price where use will increase 70.11 72.84 
Price where use will decrease 83.35 93.31 
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Table 20. LEAST COST RATION EVALUATION FOR EARLY BLOOM 
ALFALFA HAY AT $100/TON FED TO LACTATING DAIRY 
CATTLE. 
Cow Information 
Bodyweight (lbs) 1200 1200 1200 1200 
Daily Milk Production (lbs) 60 60 75 75 
% Butterfat 3.8 3.8 3.8 3.8 
Forage Prices ($/ton) 
Alfalfa 100 100 100 100 
Corn Silage 14 20 14 20 
Solution 
Concentrate lbs/day 14.8 16.8 24.3 24.3 
% CP 24 12 15 15 
Corn Silage lbs/day 53.8 
Alfalfa lbs/day 9.7 28.0 26.2 26.2 
Economic Analysis (alfalfa) 
Nutritional Value 
Price where use will increase 96.02 85.27 85.27 
Price where use will decrease 104.43 102.74 102.93 107.94 
The two maturity levels of alfalfa hay used in these 
calculations, early bloom and full bloom, correspond with 
the KPHGA designations of Kentucky Pride and Kentucky 
Feeder, respectively. The study conducted by Rohweder 
(Table 6) showed that milk production increases when higher 
quality hay is fed. The prices ($70/ton and $75/ton) used 
for the full bloom hay are both well within the range of 
expected prices. 
When milk production is 60 lbs per day and corn silage 
costs $14 per ton, full bloom alfalfa can range in cost 
between $63.45 and $70.11 per ton without changing the 
35 
amount used in the ration (Table 19). If corn silage prices 
increase to $20 per ton, the alfalfa can rise as high as 
$85.16 per ton before the amount used decreases (Table 
18) . 
When cattle are producing 75 lbs of milk per day, and 
silage costs $20 per ton, full bloom alfalfa prices can rise 
as high as $93.31 per ton before the amount used decreases 
(Table 19). Under certain circumstances, a price increase 
as small as $0.11 per ton can result in reduced use of hay 
(Table 18 -- $70 hay, $14 silage), but under other 
circumstances, hay prices can increase as much as $18 per 
ton before usage declines (Table 19 -- $75 hay, $20 silage). 
When early bloom alfalfa is used, prices can vary 
between $96 and $104 per ton without affecting the amount 
used with 60 pounds per day per cow and $14 silage. When 
production increases to 75 pounds milk per day, hay prices 
can range between $85 and $108 per ton without altering the 
amount of alfalfa used in the ration (Table 20). 
CONCLUSIONS 
The economic returns to alfalfa hay production are 
favorable compared to other crops grown by Southcentral 
Kentucky farmers. Alfalfa has the additional benefit that 
it can result in less soil erosion from sloping lands as 
compared to the other cash crops grown in this area. 
Alfalfa can feasibly be substituted for farm program 
crops as allowed by the 1990 Farm Bill. The net returns are 
higher when only the 15 flex acres are used for alfalfa 
production than when an additional 10 acres of corn are also 
replaced by hay production. 
Seasonality of alfalfa hay prices does exist in the 
Kentucky market. The past few years have not followed the 
expected seasonality curve due to unusual weather 
conditions. Storage does not seem to be profitable despite 
the significant differences between monthly hay prices. 
Each producer must evaluate his own situation to determine 
if he can afford to store hay for later cash sale. 
The other side to consider is that purchasers of 
alfalfa hay should carefully examine their individual 
situations to see if it would be more profitable for them to 
buy hay only as it is needed instead of buying hay during 
the harvest season and storing it in their facilities. 
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A dairy producer can afford to pay higher prices for 
higher quality alfalfa hay, especially with higher producing 
dairy cattle. The amounts of different qualities of alfalfa 
included in least cost dairy rations vary depending on the 
costs of the different feedstuffs that are available for the 
ration. 
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APPENDIX A 
ENTERPRISE BUDGETS 
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TABLE I. ALFALFA HAY, FOR CASH SALE, ESTABLISHED STAND 
ESTIMATED ENTERPRISE COSTS AND RETURNS FOR 1990. 
Amount Unit Price Total 
GROSS RETURNS PER ACRE 
Hay 3.7 
VARIABLE COSTS PER ACRE 
Seed 1 
Fertilizer 1 
Lime 1 
Herbicides 1 
Insecticides 1 
Fuel and Oil 6.25 
Repairs 1 
Custom Hire 1 
Equipment Rental 1 
Cash Land Rent 1 
Hired Labor 4 
Interest 159.64 
TOTAL VARIABLE COST 
RETURN ABOVE VARIABLE COST 
BUDGETED FIXED COSTS PER ACRE 
Depreciation 
Taxes and Insurance 
TOTAL BUDGETED FIXED COST 
RETURN TO LABOR AND MANAGEMENT 
tons 106.58 394.35 
acre 9.00 9.00 
acre 44.22 44.22 
ton 9.00 9.00 
acre 34.08 34.08 
acre 10.78 10.78 
hours 3.13 19.56 
acre 9.50 9.50 
acre .00 .00 
acre 1.50 1.50 
acre .00 .00 
hours 5.50 22.00 
dollar 0.09 14.37 
174.01 
220.34 
42.00 
8.00 
50.00 
170.34 
1 0 8 . 0 0 
62.34 
RETURN TO OPERATOR LABOR, LAND, CAPITAL, AND MGT 
Less Cost of Land and Capital 
1200.00 dollar 0.09 
Source: Shurley, D., et al. Field Crop Enterprise Cost and 
Return Estimates for Kentucky for 1990. University of 
Kentucky Agriculture Economics Extension Publ. No. 55. 
Aug. 1990. 
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TABLE II. BURLEY TOBACCO, BALED, NON-IRRIGATED. 
Amount Unit Price Total 
EXPECTED RETURNS PER ACRE 
Tobacco 2060 lb 1.675 3450 50 
OPERATING COSTS PER ACRE 
Seed 2 Pkg 6.50 13 .00 
Fertilizer 1 acre 164.23 164 23 
Lime 1 ton 9.00 9 00 
Herbicides 1 acre 28.41 28 41 
Insecticides 1 acre 24.50 24 50 
Fungicides 1 acre 69.95 69 95 
Sucker Control 1 acre 18.64 18 64 
Fuel and Oil 12 hrs 2.59 31 08 
Repairs 1 acre 150.00 150 00 
Custom Hire 1 acre 18.00 18 00 
Equipment Rent 1 acre 2.90 2 90 
Materials 1 acre 57.00 57 00 
Crop Insurance 1 acre 135.00 135 00 
Cash Quota Rent 2060 lbs .00 00 
Hired Labor 100 hrs 5.50 550 00 
Marketing-NNC 2060 lbs .01 20 60 
Marketing-Grading 20 6 cwt .55 11 33 
Marketing-Floor 3450 50 dols .05 172 53 
Interest 1271 71 dols .09 114 45 
TOTAL OPERATING COST PER ACRE 1590 62 
RETURNS ABOVE OPERATING COST PER ACRE 1859 88 
FIXED COSTS PER ACRE 
Depreciation 370 00 
Taxes and Insurance 60 00 
TOTAL FIXED COST 430 00 
RETURN TO OP LABOR, LAND, CAPITAL, MGT , & QUOTA 1429 88 
Less Cost of Land and Capital 
1200 00 dols .09 108 00 
RETURN TO LABOR AND MANAGEMENT 1321 88 
Source: Shurley, D., et al. Field Crop Enterprise Cost and Return 
Estimates for Kentucky for 1990. University of Ky Agriculture Economics 
Extension Publ. No. 55. Aug. 1990. 
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TABLE III. CORN, REDUCED TILLAGE FOLLOWING SOYBEANS. 
Amount Unit Price Total 
EXPECTED RETURNS PER ACRE 
Corn 116 bu 2 64 306 24 
Government Payments 1 acre 9 90 9 90 
TOTAL GROSS RETURNS PER ACRE 316 14 
OPERATING COSTS PER ACRE 
Seed .32 bag 68 00 21 76 
Fertilizer 1 acre 39 28 39 28 
Lime 1 ton 9 00 9 00 
Herbicides 1 acre 21 62 21 62 
Insecticides 1 acre 00 00 
Fungicides 1 acre 00 00 
Fuel and Oil 1.95 hrs 5 40 10 53 
Repairs 1 acre 16 00 16 00 
Custom Hire 1 acre 3 25 3 25 
Equipment Rent 1 acre 00 00 
Drying 116 bu 11 12 76 
Crop Insurance 1 acre 00 00 
Cash Land Rent 1 acre 00 00 
Hired Labor 0 hrs 00 00 
Interest 134.20 dols 09 12 08 
TOTAL OPERATING COST PER ACRE 146 28 
RETURNS ABOVE OPERATING COST PER ACRE 169 86 
FIXED COSTS PER ACRE 
Depreciation 31 65 
Taxes and Insurance 8 00 
TOTAL FIXED COSTS PER ACRE 39 65 
RETURN TO OPERATOR LABOR, LAND, CAPITAL, AND MGT 130 21 
Less Cost of Land and Capital 
1200.00 dols 09 108 00 
RETURN TO LABOR AND MANAGEMENT 22 21 
Source: Shurley, D., et al. Field Crop Enterprise Cost and Return 
Estimates for Kentucky for 1990. University of Kentucky Agriculutre 
Economics Extension Publ. No. 55. Aug. 1990. 
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TABLE IV. SOYBEANS, CONVENTIONAL TILLAGE FOLLOWING CORN. 
Amount Unit Price Total 
EXPECTED RETURNS PER ACRE 
Soybeans 31 .5 bu 6 .86 216 .09 
OPERATING COSTS PER ACRE 
Seed 60 lb .24 14 .40 
Inoculant 1 acre .38 38 
Fertilizer 1 acre 16 .19 16 .19 
Lime 1 ton 9 00 9 00 
Herbicides 1 acre 16 .39 16 39 
Insecticides 1 acre 00 00 
Fungicides 1 acre 00 00 
Fuel and Oil hrs 5 19 10 38 
Repairs 1 acre 14 00 14 00 
Custom Hire 1 acre 3 25 3 25 
Equipment Rent 1 acre 00 00 
Drying 31 5 bu 00 00 
Crop Insurance 1 acre 00 00 
Cash Land Rent 1 acre 00 00 
Hired Labor 0 hrs 00 00 
Interest 83 99 dols 09 7 56 
TOTAL OPERATING COST PER ACRE 91 55 
RETURNS ABOVE OPERATING COST PER ACRE 124 54 
FIXED COSTS PER ACRE 
Depreciation 30 60 
Taxes and Insurance 8 00 
TOTAL FIXED COSTS 38 60 
RETURN TO OPERATOR LABOR, LAND, CAPITAL, AND MGT 85 94 
Less Cost of Land and Capital 
1200 00 dols 09 108 00 
RETURN TO LABOR AND MANAGEMENT (22.06) 
Source: Shurley, D., et al. Field Crop Enterprise Cost and Return 
Estimates for Kentucky for 1990. University of Kentucky Agriculture 
Economics Extension Publ. No. 55. Aug. 1990. 
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TABLE V. WHEAT -- NO-TILL SOYBEANS, DOUBLE CROP FOLLOWING CORN. 
Amount Unit Price Total 
EXPECTED RETURNS PER ACRE 
Wheat 45 bu 3 .94 177 .30 
Soybeans 25 bu 6 .86 171 .50 
Gov't Payments (wheat) 1 acre 40. .00 40 .00 
TOTAL RETURNS PER ACRE 388 .80 
OPERATING COSTS PER ACRE 
Soybean Seed 60 lb .24 14, .40 
Wheat Seed 90 lb .14 12 .60 
Inoculant 1 acre .38 .38 
Fertilizer 1 acre 44, .36 44 .36 
Lime 1 ton 9, .00 9, .00 
Herbicides 1 acre 39, .40 39 .40 
Insecticides 1 acre .00 .00 
Fungicides 1 acre .00 .00 
Fuel and Oil 2. .6 hrs 4. .67 12, .14 
Repairs 1 acre 13, .00 13, .00 
Custom Hire 1 acre 3, .25 3, .25 
Equipment Rent 1 acre .25 .25 
Drying - Soybeans 25 bu .00 .00 
Drying - Wheat 45 bu .00 .00 
Crop Insurance 1 acre .00 .00 
Cash Land Rent 1 acre .00 .00 
Hired Labor 0 hrs .00 .00 
Interest 148. ,79 dols .09 13, ,39 
TOTAL OPERATING COST PER ACRE 162, .18 
RETURNS ABOVE OPERATING COST PER ACRE 226, .62 
FIXED COSTS PER ACRE 
Depreciation 31, .65 
Taxes and Insurance 8. ,00 
TOTAL FIXED COSTS 39, ,65 
RETURN TO OPERATOR LABOR, LAND, CAPITAL, AND MGT 186. ,97 
Less Cost of Land and Capital 
1200. 00 dols 09 108. .00 
RETURN TO LABOR AND MANAGEMENT 78. ,97 
Source: Shurley, D., et al. Field Crop Enterprise Cost and Return 
Estimates for Kentucky for 1990. University of Ky Agriculture Economics 
Extension Publ. No. 55. Aug. 1990. 
44 
APPENDIX B 
CHARTS 
45 
Figure 1 
Average Monthly Alfalfa Hay Prices 
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Figure II 
5 Year Average Monthly Prices 
1948-1952 ^ 1968-72
 0 1984-88 
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Figure III 
5 Year Price Averages 
1955 o 1962
 A 1969 y 1976 •,» 
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Figure IV 
1 0 Year Price Averages 
1948-1957 1963-72
 0 1979-88 
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APPENDIX C 
RATION FORMULATIONS 
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UNIVERSITY OF KENTUCKY RATION FORMULATION REPORT I 05-10-1991 
Prepared for: 
Claycomb 
DEPARTMENT OF AGRICULTURE 
BOWLING GREEN, KENTUCKY 42101 
Prepared by: 
Western Kentucky University 
Department of Agriculture 
Bowling Green, KY 42101 
For HERD set WKUHI, using FEED se.t WKUHI 
Number of cows -: 10 
Av. body weight : 1,200 
Av. days in milk: 85 
Av. daily milk 
Av. % fat 
Lead factor — 
60 .0 
3.8 
1.05 
Milk price $12.00 
Feeding Date: 5-08-91 
Feed Per Cow Per Day(lbs) And Total Feed Per Feeding (2.0 Feedings Per Day) 
*Feed Per Feeding For Five Group Sizes* 
0 5 10 15 20 
Feed/Cow/Day Cows Cows Cows Cows Cows 
105-Alfalfa Hay F.B. 22.8 0 57 114 171 228 
CNC MIX(16% CP) 22.4 0 56 112 168 224 
Total Lbs. Feed Fed: 45.2 Blended Ration Cost Per Ton: $ 112.42 
A 16% Protein Concentrate Should Be Fed Which Contains: 
Calculated Analysis(As Fed Basis) 
Crude Protein(PCT) 15.86 
Bypass Prot. (PCT) 6.85 
ADF Fiber (PCT) 3.33 
NDF Fiber (PCT) 8.68 
Energy:NE(MCAL/LB) 0.85 
TDN (PCT) 74.94 
Fat (PCT) 3.93 
Calcium (PCT) 0.41 
Phosphorus (PCT) 0.59 
Sodium (PCT) 0.45 
Magnesium (PCT) 0.18 
Sulfur (PCT) 0.19 
Potassium (PCT) 0.62 
Chlorine (PCT) 0.04 
Ingredients 
(Batch = 2000 lbs) 
Pounds Per Batch 
410-Corn Grain-Ground 1507.5 
705-Sod. Bicarbonate 26.8 
704-Vit. A.D.E. Supp. 8.9 
604-Dicalcium Phosphate 31.5 
537-44% Soybean Meal 423.7 
608-Magnesium Oxide 1.6 
*** Not Reported—Added To Supply Mineral(s) Needed To Balance Ration 
Concentrate Cost Per Ton: $155.56 
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Combined Composition Of Mineral(s) Added To Balance Ration 
% Of Mix | 
Calcium 0.0 I 
Phosphorus 0.0 I 
Sodium 0.5 j Lbs./Cow/Day : 0.02 Lbs. 
Magnesium 60.2 I 
Sulfur 0.0 | Lbs./Batch Of Cone. Mix : 2 Lbs. 
Potassium 0.0 I 
Mineral mix fed should contain this approximate ratio of mineral elements. 
- Adjust feeding rate to compensate for lower or higher % of mineral elements 
in the actual mix fed. 
Feed file ingredients: 
F 
Feed Feed Price •Limits* NDF E 
# Name /Ton Min Max DM CP Fib Fib TDN Ca P Na Mg D 
410 Corn Grain-Ground 94 0.0 0.0 89 9.7 2.5 9.0 88 0.02 0.25 0.01 0.10 C 
705 Sod. Bicarbonate 380 0.3 0.0 99 0.0 0.0 0.0 0 0.00 0.00 27.36 0.00 C 
704 Vit. A.D.E. Su 1500 0.1 0.0 90 0.0 0.0 0.0 0 0.00 0.00 0.00 0.00 C 
604 Dicalcium Phospha 380 0.0 0.0 96 0.0 0.0 0.0 0 22.00 18.40 1.00 0.40 C 
612 Trace Min. Salt 200 0.0 0.0 99 0.0 0.0 0.0 0 0.00 0.00 39.29 0.00 C 
420 Cane Molasses 212 0% 10% 75 4.3 0.0 0.0 60 1.19 0.11 0.20 0.47 C 
537 44% Soybean Meal 313 0.0 0.0 89 49.6 8.8 14.0 81 0.36 0.75 0.31 0.30 C 
401 Animal Fat 300 0% 5% 99 0.0 0.0 0.0182 0.00 0.00 0.00 0.00 C 
313 Corn Silage 20 0.0 0.0 35 7.6 28.8 48.0 68 0.20 0.18 0.01 0.16 B 
105 Alfalfa Hay F.B. 70 0.0 0.0 89 14.5 41.0 51.0 57 0.90 0.22 0.15 0.23 B 
Feed Sul. 
# % 
410 0.14 
705 0.00 
704 0.00 
604 0.00 
612 0.00 
420 0.46 
537 0.49 
401 0.00 
313 0.15 
105 0.27 
Pot. Chlor 
% % 
0.30 0.04 
0.01 0.00 
0.00 0.00 
0.04 0.00 
0.00 55.00 
3.17 3.20 
2.21 0.05 
0.00 0.00 
0.90 0.18 
2.00 0.38 
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Feeding Program Computed Maximum Feed Costs: 
*** Total Ration *** Minimum Con- Per Cow 
Dry Matter Contains: Req'ments straint Per Day: $ 2.54 
D.M. Intake 40.3 LBS 3.4 %BW 3.3 %BW 3.4 
Crude Protein 6.5 LBS 16.1 PCT 16.1 PCT 24.2 Return Above 
Bypass Prot. 2.3 LBS 5.6 PCT 5.4 PCT Feed Costs: 
ADF Fiber 9.1 UBS 22.5 PCT 17.5 PCT 22.5 * Per Cow: $4.66 
NDF Fiber 12.3 LBS 30.5 PCT 30.0 PCT 40.0 Per Cwt 
NE (MCAL) 29.3 MCAL 0.73 /LB 0.73 /LB Milk: $7.77 
Fat 1.3 LBS 3.2 PCT 8.0 
Calcium 125.1 GMS 0.68 PCT 0.68 PCT 1.08 
Phosphorus 80.0 GMS 0.44 PCT 0.43 PCT 
Sodium 59.3 GMS 0.32 PCT 0.18 PCT 0.47 
Magnesium 39.4 GMS 0.21 PCT 0.21 PCT 
Sulfur 43.9 GMS 0.24 PCT 0.21 PCT 
Potassium 247.4 GMS 1.35 PCT 0.90 PCT 
Chlorine 38.8 GMS 0.21 PCT 
Calcium To Phosphorus Ratio = 1.6:1.0 Cation-Anion Balance = +30 
Forage To Concentrate Ratio = 50:50 Total Ration Moisture = 11% 
* This Nutrient Is At The Maximum In Ration 
NOTE: Program Does Not Balance For Trace Minerals Or Vitamins. 
Be Sure Trace Minerals & Vitamins Are Adequate. 
Binding Percent Of 
Constraints Ration Cost 
MIN CR. PROTEIN 64.0 
MIN N.E.(MCAL) 22.8 
MIN CALCIUM 7.6 
MIN MAGNESIUM 1.3 
MIN Sod. Bicarbonate 1.8 
MIN Vit. A.D.E. Supp. 2.3 
MAX FIBER 
Economic Analysis: 
Price/Ton At Which Amounts Of Feed In Ration Will Increase Or Decrease 
Assigned 
Ingredients Decrease Price Increase 
410-Corn Grain-Ground 119.98 94.30 59.97 
705-Sod. Bicarbonate 0.00 380.00 0.00 
704-Vit. A.D.E. Supp. 0.00 1,500.00 -0.00 
604-Dicalcium Phosphate 3,758.10 380.00 3.83 
537-44% Soybean Meal 493.68 312.60 233.00 
105-Alfalfa Hay F.B. 85.16 70.00 -2,975.40 
*** 608-Magnesium Oxide 2,086.63 600.00 0.90 
*** Not Reported—Added To Supply Mineral(s) Needed To Balance Ration. 
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Competitive Price/Ton For 
Ingredients 
612-Trace Min. Salt 
420-Cane Molasses 
401-Animal Fat 
313-Corn Silage 
Feeds Not Included In This Ration 
Assigned Nutritional Penalty-
Price Value Value 
200.00 - 0 . 0 0 200.00 
212.00 64.88 147.12 
300.00 106.51 193.49 
20.00 15.81 4.19 
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UNIVERSITY OF KENTUCKY RATION FORMULATION REPORT II 05-10-1991 
Prepared for: 
CIaycomb 
DEPARTMENT OF AGRICULTURE 
BOWLING GREEN, KENTUCKY 42101 
Prepared by: 
Western Kentucky University 
Department of Agriculture 
Bowling Green, KY 42101 
For HERD set WKUHI, using 
Number of cows -: 10 
Av. body weight : 1,200 
Av. days in milk: 85 
ID set WKUHI 
Av. daily milk: 75.0 
Av. % fat 3.8 
Lead factor — : 1.05 
Milk price : $12.00 
Feeding Date: 5-08-91 
Feed Per Cow Per Day (lbs) And Total Feed Per Feeding (2.0 Feedings Per Day) 
*Feed Per Feeding For Five Group Sizes* 
0 5 10 15 20 
Feed/Cow/Day Cows Cows Cows Cows Cows 
103-Alfalfa Hay E.B. 26.2 -0 65 131 196 262 
CNC MIX(15% CP) 24.3 0 61 121 182 243 
Total Lbs. Feed Fed: 50.5 Blended Ration Cost Per Ton: $ 126.27 
Caution: All ration constraints (RHS values) were not set "ON" in formulating 
this ration. One or more constraints are above or below recommended 
levels. Please review the Feeding Program section of this report 
before feeding this ration. 
A 15% Protein Concentrate Should Be Fed Which Contains: 
(Batch = 2000 lbs) 
Calculated Analysis(As Fed Basis):1 Ingredients Pounds Per 
Crude Protein(PCT) 14.94 | 410-Corn Grain-Ground 1514.5 
Bypass Prot. (PCT) 6.54 | 705-Sod. Bicarbonate 24.7 
ADF Fiber (PCT) 3.17 I 704-Vit. A.D.E. Supp. 8.2 
NDF Fiber (PCT) 8.44 | 604-Dicalcium Phosphate 39.8 
Energy:NE(MCAL/LB) 0.87 | 537-44% Soybean Meal 380.8 
TDN (PCT) 76.32 | 401-Animal Fat 29.2 
Fat (PCT) 5.30 I *** 608-Magnesium Oxide 2.8 
Calcium (PCT) 0.49 I 
Phosphorus (PCT) 0.65 | 
Sodium (PCT) 0.42 | 
Magnesium (PCT) 0.21 | 
Sulfur (PCT) 0.18 | 
Potassium (PCT) 0.58 I 
Chlorine (PCT) 0.04 | 
*** Not Reported—Added To Supply Mineral(s) Needed To Balance Ration 
Concentrate Cost Per Ton: $154.56 
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Combined Composition Of Mineral(s) Added To Balance Ration 
% Of Mix | 
Calcium 0.0 I 
Phosphorus 0.0 I 
Sodium 0.5 | Lbs./Cow/Day : 0.03 Lbs. 
Magnesium 60.2 I 
Sulfur 0.0 | Lbs./Batch Of Cone. Mix : 3 Lbs. 
Potassium 0.0 I 
Mineral mix fed should contain this approximate ratio of mineral elements. 
Adjust feeding rate to compensate for lower or higher % of mineral elements 
. in the actual mix fed. 
Feed file ingredients: 
F 
Feed Feed Price •Limits* NDF E 
f Name /Ton Min Max DM CP Fib Fib TDN Ca P Na Mg D 
410 Corn Grain-Ground 94 0.0 0.0 89 9.7 2.5 9.0 88 0.02 0.25 0.01 0.10 C 
705 Sod. Bicarbonate 380 0.3 0.0 99 0.0 0.0 0.0 0 0.00 0.00 27.36 0.00 C 
704 Vit. A.D.E. Su 1500 0.1 0.0 90 0.0 0.0 0.0 0 0.00 0.00 0.00 0.00 C 
604 Dicalcium Phospha 380 0.0 0.0 96 0.0 0.0 0.0 0 22.00 18.40 1.00 0.40 C 
612 Trace Min. Salt 200 0.0 0.0 99 0.0 0.0 0.0 0 0.00 0.00 39.29 0.00 C 
420 Cane Molasses 212 0% 10% 75 4.3 0.0 0.0 60 1.19 0.11 0.20 0.47 C 
537 44% Soybean Meal 313 0.0 0.0 89 49.6 8.8 14.0 81 0.36 0.75 0.31 0.30 C 
401 Animal Fat 300 0% 5% 99 0.0 0.0 0.0182 0.00 0.00 0.00 0.00 C 
313 Corn Silage 14 0.0 0.0 35 7.6 28.8 48.0 68 0.20 0.18 0.01 0.16 B 
103 Alfalfa Hay E.B. 100 0.0 0.0 89 18.0 34.5 42.0 62 0.90 0.22 0.15 0.23 B 
Feed Sul. 
# % 
410 0. 14 
705 0. 00 
704 0. 00 
604 0. 00 
612 0. 00 
420 0. 46 
537 0. 49 
401 0. 00 
313 0. 15 
103 0. 27 
Pot. Chlor 
% % 
0.30 0.04 
0.01 0.00 
0.00 0.00 
0.04 0.00 
0.00 55.00 
3.17 3.20 
2.21 0.05 
0.00 0.00 
0.90 0.18 
2.00 0.38 
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Feeding Program Computed Maximum Feed Costs: 
*** Total Ration *** Minimum Con- Per Cow 
Dry Matter Contains: Req'ments straint Per Day: $ 3.19 
D.M. Intake 45.1 LBS 3.8 %BW 3.7 %BW 3.8 
Crude Protein 7.8 LBS 17.4 PCT 17.4 PCT 26.1 Return Above 
Bypass Prot. 2.6 LBS 5.9 PCT<-- 6.7 PCT Feed Costs: 
ADF Fiber 8.8 LBS 19.6 PCT 17.3 PCT 22.3 Per Cow: $5.81 
NDF Fiber 11.9 LBS 26.3 PCT<--29.7 PCT 39.6 Per Cwt 
NE (MCAL) 34.0 MCAL 0.75 /LB .0.75 /LB Milk: $7.75 
Fat 2.0 LBS 4.4 PCT 7.9 
Calcium 150.0 GMS 0.73 PCT 0.73 PCT 1.16 
Phosphorus 94.7 GMS 0.46 PCT 0.46 PCT 
Sodium 61.9 GMS 0.30 PCT 0.18 PCT 0.47 
Magnesium 47.5 GMS 0.23 PCT 0.23 PCT 
Sulfur 48.2 GMS 0.24 PCT 0.23 PCT 
Potassium 275.7 GMS 1.35 PCT 0.89 PCT 
Chlorine 44.2 GMS 0.22 PCT 
Calcium To Phosphorus Ratio = 1.6:1.0 Cation-Anion Balance = +30 
Forage To Concentrate Ratio = 52:48 Total Ration Moisture = 11% 
< — No minimum constraint specified. Nutrient is below recommended minimum. 
NOTE: Program Does Not Balance For Trace Minerals Or Vitamins. 
Be Sure Trace Minerals & Vitamins Are Adequate. 
Binding Percent Of 
Constraints Ration Cost 
MIN CR. PROTEIN 37.2 
MIN N.E.(MCAL) 53.8 
MIN CALCIUM 3.9 
MIN PHOSPHORUS 1.6 
MIN MAGNESIUM 1.0 
MIN Sod. Bicarbonate 1.2 
MIN Vit. A.D.E. Supp. 1.2 
MAX DRY MATTER 
Economic Analysis: 
Price/Ton At Which Amounts Of Feed In Ration Will Increase Or Decrease 
Assigned 
Ingredients Decrease Price Increase 
410-Corn Grain-Ground 95.14 94.30 86. 27 
705-Sod. Bicarbonate 0.00 380.00 -159. 81 
704-Vit. A.D.E. Supp. 0.00 1,500.00 -143. 97 
604-Dicalcium Phosphate 10,406.42 380.00 150. 59 
537-44% Soybean Meal 410.61 312.60 306. 98 
401-Animal Fat 345.50 300.00 293. 99 
103-Alfalfa Hay E.B. 102.93 100.00 85. 27 
608-Magnesium Oxide 2,175.34 600.00 -157. ,45 
*** Not Reported—Added To Supply Mineral(s) Needed To Balance Ration. 
Competitive Price/Ton 
Ingredients 
612-Trace Min. Salt 
420-Cane Molasses 
313-Corn Silage 
For Feeds Not Included In This Ration 
Assigned Nutritional Penalty 
Pr ice Value Value 
200.00 -158.37 358.37 
212.00 28.80 183.20 
14.00 13.66 0.34 
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